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(54) Reactive catalyst compositions for improving water blown polyurethane foam performance 

(57) The present invention provides a reactive cata- 
lyst composition for making a water blown flexible poly- 
urethane foam. The catalyst composition comprises a 
tertiary amino alkyi urea and/or bis(tertiary amino alkyi) 
urea in combination with either a gelling catalyst or 
blowing catalyst. The use of such catalyst composition 
improves the physical properties of the polyurethane 
foam. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is a continuation-in-part of both application Serial No. 08/850,985 filed 6 May 1997 entitled "N,N,N'- 

Trimethylbis(aminoethyl)ether Substituted Urea Compositions For The Production Of Polyurethanes" and application 
Serial No. 08/851 ,652 filed 6 May 1997 entitled "Aminomethyl Pyrrolidine Urea Compositions For The Production Of 
Polyurethanes". 

10 BACKGROUND OF THE INVENTION 

The present invention relates to tertiary amine catalysts for producing polyurethane foam. 
Polyurethane foams are widely known and used In automotive, housing and other industries. Such foams are pro- 
duced by reaction of a polyisocyanate with a polyol in the presence of various additives. One such additive is a chlo- 

15 rofluorocarbon (CFC) blowing agent which vaporizes as a result of the reaction exotherm. causing the polymerizing 
mass to form a foam. The discovery that CFCs deplete ozone in the stratosphere has resulted in mandates diminishing 
CFC use. Production of water-blown foams, in which blowing is performed with C02 generated by the reaction of water 
with the polyisocyanate. has therefore become Increasingly important. Tertiary amine catalysts are typically used to 
accelerate blowing (reaction of water with isocyanate to generate C02) and gelling (reaction of polyol with isocyanate). 

20 The ability of the tertiary amine catalyst to selectively promote either blowing or gelling is an important considera- 
tion in selecting a catalyst for the production of a particular polyurethane foam. If a catalyst promotes the blowing reac- 
tion to a too high degree, much of the C02 will be evolved before sufficient reaction of isocyanate with polyol has 
occurred, and the C02 will bubble out of the formulation, resulting in collapse of the foam. A foam of poor quality will be 
produced. In contrast, if a catalyst too strongly promotes the gelling reaction, a substantial portion of the C02 will be 

25 evolved after a significant degree of polymerization has occurred. Again, a poor quality foam, this time characterized by 
high density, broken or poorly defined cells, or other undesirable features, will be produced. 

Tertiary amine catalysts generally are malodorous and offensive and many have high volatility due to their low 
molecular weight. Release of tertiary amines during foam processing may present significant safety and toxicity prob- 
lems, and release of residual amines from consumer products is generally undesirable. 

30 Amine catalysts which contain urea functionality have an increase in molecular weight and hydrogen bonding and 
reduced volatility and odor when compared to related structures which lack this functionality. Furthermore, catalysts 
which contain urea functionality chemically bond into the urethane during the reaction and are not released from the 
finished product. Catalyst structures which embody this concept are typically of low to moderate activity and promote 
both the blowing (water-isocyanate) and the gelling (polyol-isocyanate) reactions to varying extents. 

35 U.S. 4.644,017 discloses the use of certain diffusion stable amino alkyl ureas having tertiary amino groups in the 

production of a polyisocyanate addition product which do not discolor or change the constitution of surrounding mate- 
rials. Specifically taught are Catalyst A and Catalyst D which are reaction products of dimethylaminopropylamine and 
urea. 

U.S. 4.007,140 discloses the use of N,N*-bis(3<limethylaminopropyl)urea as a low odor catalyst for the manufac- 
40 ture of polyurethanes. 

U.S. 4,194,069 discloses the use of N-(3-dimethylaminopropyl)-N*-(3-morpholinopropyl)urea: N.N*-bis(3-dimethyl- 
aminopropyl)urea and N.N'-bls(3-morpholinopropyl)urea as catalysts for producing polyurethane foams. 

U.S. 4,094.827 discloses the use of certain alkyl substituted ureas including N.N-bis(3-dimethylaminopropyl)urea 
which provide lower odor and a delay in the foaming reaction that aids in the production of polyurethane foam. 
45 U.S. 4,330,656 discloses the use of N-atkyI ureas as catalysts for the reaction of 1 .5-napthylene diisocyanate with 
polyols or for the chain extension of prepolymers based upon 1 .5-napthylene diisocyanate without accelerating atmos- 
pheric oxidation. 

DE 30 27 796 A discloses the use of higher molecular weight dialkyi aminoalkyi ureas as reduced odor catalysts 
for the production of polyurethane foam. 
50 EP 499 873 discloses the preparation and use of pyrrolidines as catalysts for the polyisocyanate polyaddition proc- 
ess. 

SUMMARY OF THE INVENTION 

55 The present invention provides a reactive catalyst composition for making a water blown flexible polyurethane 
foam. The catalyst composition comprises a tertiary amino alkyl urea and/or bls(tertiary amino alkyl} urea in combina- 
tion with either a gelling catalyst or blowing catalyst. The use of such catalyst composition improves the physical prop- 
erties of the polyurethane foam. 
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The reactive catalysts contain ureido functionality which enables the catalyst to react Into the polyurethane matrix. 
These reactive catalysts can be used as gelling catalysts or blowing catalysts with complementary blowing or gelling 
co-catalysts, respectively, which may or may not contain reactive functional groups to produce polyurethane foam mate- 
rials. The reactive catalysts produce polyurethane foams which have no amine emissions. 

The use of these catalysts in conjunction with gelling or blowing co-catalysts improves physical properties and 
enhances processibility of the foam. As blowing catalysts, these catalysts in conjunction with gelling co-catalysts 
improve the airflow of the foam. Improved airflow means Improved porosity and openness of the foam which is an indi- 
cation of improved dimensional stability of the foam. As gelling catalysts, these catalysts in conjunction with blowing co- 
catalysts improve the force-to-crush of the foam. Reduced force-to-crush means the foam is more easily compressed 
which is an Important advantage for minimizing foam shrinkage during processing. 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst compositions according to the invention catalyze the reaction between an isocyanate functionality and 
an active hydrogen-containing compound, i.e. an alcohol, a polyol. an amine or water, especially the urethane (gelling) 
reaction of polyol hydroxyls with isocyanate to make polyurethanes and the blowing reaction of water with isocyanate 
to release carbon dioxide for making foamed polyurethanes. 

The flexible polyurethane foam products, slab and molded, are prepared using any suitable organic polyisocy- 
anates well known in the art including, for example, hexamethylene diisocyanate. phenylene diisocyanate. toluene 
diisocyanate ("TDI") and 4,4'-diphenyl methane diisocyanate ("MDI"). Especially suitable are the 2,4- and 2,6-TDrs indi- 
vidually or together as their commercially available mixtures. Other suitable isocyanates are mixtures of dlisocyanates 
known commercially as "crude MDI". marketed as PARI by Dow Chemical, which contain about 60% of 4,4*-diphenyl- 
melhane diisocyanate along with otiier isomeric and analogous higher polyisocyanates. Also suitable are "prepoly- 
mers" of these polyisocyanates comprising a partially prereacted mixture of a polyisocyanate and a polyetiier or 
polyester polyol. 

Illustrative of suitable polyols as a component of the polyurethane composition are the polyalkylene ether and pol- 
yester polyols. The polyalkylene ether polyols include the poly(alkylene oxide) polymers such as poly(ethylene oxide) 
and poly(propylene oxide) polymers and copolymers with terminal hydroxyl groups derived from polyhydric compounds, 
including diols and triols; for example, among others, ethylene glycol, propylene glycol. 1 ,3-butane diol. 1 ,4-butane diol! 
1 ,6-hexane diol. neopentyl glycol, diethylene glycol, dipropylene glycol, pentaerythritol. glycerol, diglycerol. trimethylol 
propane and like low molecular weight polyols. 

In the practice of this invention, a single high molecular weight polyether polyol may be used. Also, mixtures of high 
molecular weight polyether polyols such as mixtures of di- and trifunctional materials and/or different molecular weight 
or different chemical composition materials may be used. 

Useful polyester polyols include those produced by reacting a dicarboxyllc acid witii an excess of a diol. for exam- 
ple, adipic acid with ethylene glycol or bulanediol, or reacting a lactone with an excess of a do such as caprolactone 
with propylene glycol. 

In addition to the polyether and polyester polyols. the masterbatches, or premix compositions, frequentiy contain a 
polymer polyol. Polymer polyols are used in polyurethane foam to increase the foam's resistance to deformation, i.e. to 
increase the load-bearing properties of the foam. Currentiy. two different types of polymer polyols are used to achieve 
load-bearing improvement. The first type, described as a graft polyol, consists of a trio in which vinyl monomers are 
graft copolymerized. Styrene and acrylonitrile are tiie usual monomers of choice. The second type, a polyurea modified 
polyol. is a polyol containing a polyurea dispersion formed by the reaction of a diamine and TDI. Since TDI is used in 
excess, some of the TDI may react with both the polyol and polyurea. This second type of polymer polyol has a variant 
called PlPA polyol which is formed by the In-situ polymerization of TDI and alkanolamine in the polyol. Depending on 
the load-bearing requirements, polymer polyols may comprise 20-80% of the polyol portion of the masterbatch. 

Other typical agents found In the polyurethane foam formulations include chain extenders such as ethylene glycol 
and butanediol; crosslinkers such as diethanolamine, dlisopropanolamine, triethanolamine and tripropanolamine; blow- 
ing agents such as water, CFCs. HCFCs, MFCs, pentane, and the like; and cell stabilizers such as silicones. 

A general polyurethane flexible foam formulation having a 1 -3 Ib/ft^ (1 6-48 kg/m^) density (e.g.. automotive seating) 
containing a catalyst such as the catalyst composition according to the invention would comprise the following compo- 
nents in parts by weight (pbw) : 
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Flexible Foam Formula- 
tion 


pbw 


Polyol 


20-100 


Polymer Polyol 


80-0 


Silicone Surfactant 


1-2.5 


Blowing Agent 


2-4.5 


Crosslinker 


0.5-2 


Catalyst Composition 


0.5-2 


Isocyanate Index 


70-115 



20 



The catalyst composition comprises a mono(tertiary amino alkyi) urea and/or bis(tertiary amino alkyi) urea in com- 
bination with a gelling or blowing catalyst. The mono- and bis-ureas may be represented by the formula 



25 



r4 r2 O 



/ I 



30 



in which 



35 



40 



A represents CH or N, 

R*" represents hydrogen or the group 



r2 



^3 V.-' 



n represents an integer from 1 to 6, 

r2 and each represent hydrogen or a C1-C6 alkyi group, 

R^ and R^ each represent a C1-C6 alkyi group or together represent a C2-C6 alkylene group which may contain 
heteroatoms (such as oxygen or NR^ where R® is hydrogen or a CI -C4 alkyi group) or the group 
so NR (where R = Alkyi or 
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r2 r"" o 

(|^\_|!|_!i_Jj_R7) 
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and 

and which may be the same or different each represent hydrogen or the group 



15 



20 




25 



In the above general formula it is preferred that 

R\ r2, R^, R^ and R^ each represent hydrogen. 
30 R"^ and R^ each represent a methyl group when A represents N or together represent CH2CH2N(CH3)CH2 when A 

represents CH, and 
n represents 1-3. preferably 2 or 3. 

Illustrative of suitable mono-ureas and bis-ureas are 2-djmethylaminoethyl urea; N,N'-bis(2-dimethyIaminoethyl) 
35 urea: N,N-bis(2-dimethylaminoethyl) urea: 3-dimethylaminopropyl urea; N,N'-bis(3-dimethylaminopropyl) urea; N,N- 
bis(3<limethylaminopropyt) urea; 1 -(N-methyl-3-pyrrolldino)methyl urea; 1 .3-bis(N-methyl-3-pyrrolidlno)-methyl urea; 3- 
piperidinopropyl urea; N.N*-bis(3-piperidinopropyl) urea; 3-morpholinopropyl urea; N,N'-bis(3-morpholinopropyl) urea; 
2-ptperidinoethyl urea; N,N'-bis(2-piperidinoethyl) urea; 2-morpholinoethyl urea; and N,N*-bis(2-morpholinoethyl) urea. 
U.S. 4.644.017 teaches amino aikyl ureas useful in the practice of the present invention and is hereby Incorporated by 



The preferred ureas are 3-dimethylaminopropyl urea. N,N'-bis(3-dimethylaminopropyl) urea. HN-methyl-S-pyn-o- 
lidino)methyl urea, 1.3-bls(N-methyl-3-pyrrolidino)-methyl urea, a mixture of 3-dimethylaminopropyl urea and N.N'- 
bis(3-dimethylaminopropyl) urea, and a mixture of 1-(N-methyl-3-pyrrolidino)methyl urea and 1,3-bis(N-methyl-3-pyrro- 
lidino)methyl urea, the mixtures preferably being in a 75:25 to 95:5 molar ratio of mono-urea to bis-urea. 

45 The mono-ureas and bis-ureas are prepared by reacting urea and the corresponding tertiary alkylamine in the 
appropriate molar ratios under an inert atmosphere at elevated temperatures of from 80** to 150**C, preferably 100** to 
130**C, with ammonia being driven off. The mono- and bis-ureas can be isolated individually by chromatographic tech- 
niques known in the synthesis art. 

The mono-urea and/or bis-urea are used in conjunction with a gelling or a blowing catalyst depending upon the 

so processing advantage desired. The gelling co-catalyst is any urethane catalyst known in the art with an Initial selectivity 
less than about 0.45, and the blowing co-catalyst is any uretharie catalyst known in the art with an initial selectivity 
greater than about 0.8. Catalyst selectivity Is defined as the ratio of the rate of blowing (urea formation) to the rate of 
gelling (urethane formation) [J. Cell. Plastics, Vol. 28,1992, pp. 360-398.] 

Examples of suitable gelling catalysts include but are not restricted to diazabicyclooctane (triethylenediamine), 

55 supplied commercially as DABCO 33LV® catalyst by Air Products and Chemicals. Inc.. quinuclidine and substituted 
quinuclidlnes (US 5,143,944 and US 5,233.039), substituted pyrrollzidlnes (US 5.512,603), and substituted pyrrolidines 
(EP 499 873). Examples of suitable blowing catalysts Include but are not restricted to bisdimethylaminoethyl ether, com- 
mercially supplied as DABCO® BL-1 1 catalyst by Air Products and Chemicals, Inc.. pentamethyldiethylenetriamine and 
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related compositions (US 5,039,713, US 5.559,161), higher permethylated polyamines (US 4,143,003). branched 
polyamines (US 3.836,488), 2-[N-(dimethylaminoethoxyethyl)-N-methylamlno]ethanol and related structures (US 
4,338.408). alkoxylated polyamines (US 5,508,314). imidazole-boron compositions (US 5.539.007). and aminopropyl- 
bis(aminoethyl)ether compositions (Ser. No. 08/534,751 filed 27 September 1 995 and Ser. No. 08/850,985 filed 6 May 
5 1997). 

A catalytically effective amount of the catalyst composition comprising the urea and a gelling or blowing catalyst is 
used in the polyurethane formulation. More specifically, suitable amounts of the catalyst composition may range from 
about 0.01 to 10 parts by wt per 100 parts polyol (pphp) in the polyurethane formulation, preferably 0.05 to 2 pphp. 

The catalyst composition may be used in combination with, or also comprise, other tertiary amine, organotin or car- 
10 boxylate urethane catalysts well known in the urethane art. 

EXAMPLE 1 

Blend of 3-Dimethylaminopropyl Urea (I) and N,N'-Bis(3<limethylaminopropyl) Urea (II) 

IS 

A 94:6 mole ratio blend of 3-dimethylaminopropyl urea (I) and N.N'-bis(3-dimethylaminopropyl) urea (II) catalyst 
mixture was prepared using a one liter 3 neck round bottom flask fitted with the following: mechanical stirrer, reflux con- 
denser, nitrogen bubbler, and a temperature controlled heating mantle. The flask was charged with 176.3 g of urea 
[CH4N2O] and 300.0 g of N,N-dimethylaminopropylamine [(CH3)2NCH2CH2CH2NH2]. The mixture was stirred at a con- 

20 stant rate while being slowly heated to 1 20°C. The reaction was controlled at 120**C until all signs of NH3 evolution had 
ceased (as evidenced by bubbling in the N2 pressure relief device). The pale yellow liquid was cooled to 80**C and the 
flask containing the liquid was evacuated via vacuum pump and refilled with N2 three times to remove any volatiles still 
present. Quantitative ^^C NMR showed the final product to be 86 mole% 3-dimethylaminopropyl urea (1). 5 mole% N.N*- 
bis(3-dimethylaminopropyl) urea (II), and 9 mole% unreacted urea. The mono to bis mole ratio is 1 7.2 to 1 . or 94:6 ratio 

25 of mono urea to bis urea. 



3-Dimethylaminopropyl urea (I) 

35 




N.N'-Bis(3-dimethylaminopropyl)urea (II) 



45 

EXAMPLE 2 

Blend of 1-(N-Methyl-3-pyrrolidlno)methyl urea (III) and 1 ,3-Bis(N-methyl-3-pyn'olidino)methyl urea (IV) 

50 

A one liter 3 neck round bottom flask was fitted with the following: mechanical stirrer, reflux condenser, nitrogen 
bubbler, and a temperature controlled heating mantle. The flask was charged with 45.75 g (0.762 mole) of urea 
(CH4N2O) and 86.84 g (0.762 mole) of N-methyl-3-aminomethyl pyrrolidine, (C6H14N2). The mixture was stin-ed at a 
constant rate while being slowly heated to 120°C. The reaction was controlled at 120**C for two hours until all signs of 
55 NH3 a/olution had ceased (as evidenced by bubbling in the N2 pressure relief device). The pale yellow liquid was cooled 
to SQ°C and the flask containing the liquid was evacuated via vacuum pump and refilled with N2 three time to remove 
any volatiles still present. Quantitative ^^C NMR showed the product to be 81.7 mole % 1 -(N-methyl-3-pyrrolid- 
ino)methyl urea (III), 7.0 mole % bis(N-methyl-3-pyrrolidino)methyl urea (IV) and 1 1 .3 mole % unreacted urea. 
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1-(N-Methyl-3-pyrroliclino)methyl urea (III) 

10 



" " ' -t^ 



20 



\ I H H \ / 



1 .3-Bis(N-methyl-3-pyrTo|jdino)methyl urea (IV) 



25 EXAMPLE 3 



In this example polyurethane foams were prepared in a conventional manner. The polyurethane formulation in 
parts by weight was: 

30 





COIVIPONENT 


PARTS 




E-648 


60 


35 


E-519 


40 




DC-5043 


1.5 




Diethanolamine 


1.49 


40 


Water 


3.5 




TDI 80 


105 Index 


45 


E-648 - a conventional, ethylene oxide tipped polyether polyol from Arco Chemical 
E-519 - a styrene-acrylonitrile copolymer filled polyether polyol from Arco Chemical 
DABCO® DC-5043 - silicone surfactant marketed by Air Products and Chemicals, Inc. 
DABCO® DC-5169 - silicone surfactant marketed by Air Products and Chemicals, Inc. 
TDI 80 a mixture of 80 wt% 2, 4-TDI and 20 wt% 2, 6-TDI 



Catalyst selectivity is defined as the ratio of the rate of blowing (urea formation) to the rate of gelling (urethane tor- 
so mation) [J. Cell. Plastics. Vol. 28, 1 992, pp. 360-398.] A selectivity of "one" means that the amounts of blowing and gel- 
ling are equal at that point in the reaction. A selectivity substantially below "one", for example about 0.45, is indicative 
of a strong gelling catalyst. A selectivity greater that about 0,8 indicates a catalyst with sufficient blowing selectivity to 
counterbalance a gelling or intermediate selectivity catalyst. 

Tables I and II list the physical properties obtained using the catalysts from Examples 1 and 2 In conjunction with 
55 industry standard co-catalysts. The foams were made in a heated test block mold at 160"F (71 «»C). In all cases, the foam 
reactivity was matched by extrusion time which measures reaction progression and provides some indication of extent 
of cure. The foams tested met standard specifications listed in ASTM D 3453-91 and the physical property tests were 
perforrhed using ASTM designation D 3574-95. The force-to-crush results were obtained using a mechanical device 
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equipped with a 1000 pound (453.6 kg) capacity pressure transducer mounted between the 50 square inch (322.6 cm^) 
circular plate and the drive shaft. The Dayton motor specif ications» model 4Z528, include 1/6 horsepower (124.3 J/s) 
with F/L rpm of 1800 and F/L torque of 5.63 in-lb (6.36x10"^ Nm). The actual pressure is shown on a digital display. The 
foam pad is compressed to 50% of its original thickness and the force necessary to achieve the compression is 
5 recorded in whole pounds (newtons). A cycle takes 24 seconds to complete and the actual crushing of the foam occurs 
within 7-8 seconds. This device mimics the ASTM D-3574, Indentation Force Deflection Test, and provides a numerical 
value for 1 minute postdemolded foam initial hardness or softness. 



Catalyst 


Use Level (pphp) 


Force-to-Crush» (Ibf ; N) 


Example 1 Catalyst / Dabco BL-1 1 


0.41/0.10 


91 ; 404 


Dabco 33LV / Example 1 Catalyst 


0.25/0.31 


197; 875 


Example 2 Catalyst / Dabco BL-1 1 


0.24/0.10 


183; 812 


Dabco 33LV / Example 2 Catalyst 


0.25/0.18 


225; 999 



^ Lower force-to-crush values mean the foam is more easily compressed 



The first entry in Table I demonstrates that using Example 1 catalyst with Dabco BL-11 blowing catalyst provided 
lower force-to-crush than the second entry in which Example 1 catalyst was used with Dabco 33LV gelling catalyst. Sim- 
ilarly, entries three and four Illustrate that using Example 2 catalyst with Dabco BL-1 1 blowing catalyst (entry three) also 
afforded lower force-to-crush values than when Example 2 catalyst was used with Dabco 33LV gelling catalyst (entry 
25 four). 



Table II 





Dabco 33LV/ 
Example 1 
Catalyst 


Dabco 33LV/ 
Example 2 
Catalyst 


Example 1 
Catalyst 1 Dabco 
BL'11 


Example 2 
Catalyst 1 Dabco 
BL-11 












pphp 


0.25/0.31 


0.25/0.18 


0.41/0.10 


0.24/0.10 


Density (Ib/ft^; kg/m^) 


2.0; 31.9 


2.0; 31.9 


2.0; 32.2 


2.0; 31.5 


Airflow (SCFM; Umin) 


2.86; 81.1 


3.18; 90.2 


3.53; 99.8 


3.30; 93.4 


Tensile (psi; kN/m^) 


21.7; 149 


16.5; 114 


18.6; 128 


18.6; 128 


Tear (pli; N/cm) 


1.5; 2.6 


1.5; 2.6 


1.7; 3.0 


1.5; 2.6 


Elongation (%) 


88.2 


99.8 


107.7 


103.7 


25% ILD (Ibf; N) 


27.0; 119.7 


27.4; 121.5 


24.4; 108.2 


25.5; 112.6 


65% ILD (Ibf; N) 


71.9; 319.2 


70.6; 313.6 


68.2; 302.9 


67.1; 297.9 


25%R ILD (Ibf; N) 


22.0; 97.9 


22.5; 99.9 


19.5; 86.5 


20.6; 91.3 


Ball Rebound (%) 


52 


52 


51 


53 


50% H.A. Comp. Set (%) 


347 


34.4 


37.3 


36.6 


Japanese Wet Set (%) 


29.4 


30.9 


33.0 


32.7 



The data in Table II demonstrate that using Example 1 or 2 catalyst with Dabco BL-1 1 blowing catalyst provided 
higher airflow and increased elongation than when Example 1 or 2 catalyst is used with Dabco 33LV gelling catalyst. 
55 Using Example 1 and 2 catalysts with Dabco 33LV catalyst increased the load bearing properties (ILD) of the foam. 

In all of the prior art cited, the urea-substituted catalysts are taught as sole catalysts. This means that they promote 
txDth the blowing and gelling reactions simultaneously to a sufficient extent to produce acceptable foam. While co-cata- 
lysts can be used, the prior art does not indicate that certain foam physical properties can be systematically controlled 
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by choice of co-catalysts. 

The only patent which has an example of a urea-based catalyst used with a co-catalyst is German Patent No. DE 
3027796 A1 which discloses the use of higher molecular weight dialkyi aminoalkyi ureas as reduced odor catalysts for 
the production of polyurethane foam. In this case, a portion (0.3 parts) of the gelling catalyst, diazabicyclooctane, was 
replaced with the urea catalyst synthesized from hexamethylene diisocyanate and N,N-bis(dimethylaminopropyl) amine 
(Example A). The results indicated that the foam properties were unchanged, except for lower amine odor (Example 
1 .2). Unexpectedly, Example 3 in the present application demonstrates that foam physical properties can be systemat- 
ically varied by choosing blowing or gelling co-catalysts. Specifically, physical properties which can be significantly 
altered are force-to-crush, airflow, elongation and load bearing (lUD). 

STATEMENT OF INDUSTRIAL APPLICATION 

The Invention provides catalyst compositions for making water blown flexible polyurethane foam. 

Claims 

1. In a method for preparing a flexible polyurethane foam by reacting an organic polylsocyanate and a polyol in the 
presence of water as a blowing agent, a cell stabilizer and a catalyst composition comprising a gelling catalyst and 
a blowing catalyst, the improvement for reducing the force-to-crush of the foam which comprises using as the gel- 
ling catalyst a mono(tertiary amino alky!) urea and/or bis(tertiary amino alkyi) urea. 

2. The method of Claim 1 in which the gelling catalyst is at least one compound of the formula 



r4 r2 r1 O 

"^A-ecv"^ — c— ij— r7 



in which 



A represents CH or N. 

represents hydrogen or the group 



n represents an integer from 1 to 6, 

r2 and R^ each represent hydrogen or a C1-C6 alkyI group. 

R"* and R^ each represent a C1 -C6 alkyI group or together represent a C2-C6 alkylene group which may con- 
tain a heteroatom which is O or NR® where R® is hydrogen or a C1-C4 alkyl group or the group 
NR (where R = AlkyI or 
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r2 r1 o 

(ijN_i_lt_J|_R7) 

10 

and 

and which may be the same or dlfferent.each represent hydrogen or the group 

75 

la R^-' 



25 

3- . The method of claim 2 in which 

R^ R^, R^, R^ and each represent hydrogen. 
30 R* and R^ each represent a methyl group when A represents N or together represent CH2CH2N(CH3)CH2 

when A represents CH, and 
n represents 1-3. 



4. The method of Claim 1 in which the gelling catalyst Is 2-dimethylamlnoethyl urea; N,N'-bls(2-dimethylaminoethyl) 
35 urea; N,N-bis(2-dlmethylaminoethyl) urea; 3-dlmethylaminopropyl urea; N,N'-bis(3<llmethylaminopropyl) urea; 

N,N-bis(3-dimethylaminopropyl) urea; 1-(N-methyl-3-pyrrolidino)methyl urea; 1,3-bis(N-methyl-3-pyn-olidino)methyl 
urea; 3-piperidinopropyl urea; N,N'-bls(3-piperldlnopropyl) urea; 3-morpholinopropyl urea; N,N'-bis(3-morpholino- 
propyl) urea; 2-plperidlnoethyl urea; N,N'-bis(2-plperidlnoethyl) urea; 2-morphormoethyl urea; N,N'-bls(2-morpholi- 
noethyl) urea; or a mixture thereof. 

40 

5, The method of Claim 1 in which the gelling catalyst is 3-dimethylaminopropyl urea. N,N'-bls(3-dimethylaminopro- 
pyl) urea, 1-(N-methyl-3-pyrrolidlno)methyl urea, 1.3-bls(N-methyl-3-pyrrolidlno)methyl urea, a mixture of 3-dimeth- 
ylamlnopropyl urea and N.N'-bis(3-dlmethylaminopropyl) urea, or a mixture of 1-(N-methyl-3-pyrrolidino)methyl 
urea and 1,3-bis(N-methyl-3-pyrrolidlno)methyl urea. 

45 

6- In a method for preparing a flexible polyurethane foam by reacting an organic polyisocyanate and a polyol in the 
presence of water as a blowing agent, a cell stabilizer and a catalyst composition comprising a gelling catalyst and 
a blowing catalyst, the improvement for improving the airflow of the foam which comprises using as the blowing cat- 
alyst a mono(tertiary amino alkyi) urea and/or bis(tertiary amino alkyi) urea. 

50 

7. The method of Claim 6 in which the blowing catalyst Is at least one compound of the formula 
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IS 



\ I 



O f 



in which 



A represents CH or N. 

R"" represents hydrogen or the group 



20 



r2 



/ 



r5. 



25 



30 



n represents an integer from 1 to 6, 

and R^ each represent hydrogen or a C1-C6 alkyi group, 
R^ and R^ each represent a C1-C6 alkyI group or together represent a C2-C6 alkylene group which may con- 
tain a heteroatom which is O or NR® where R® is hydrogen or a C1-C4 alkyI group or the group 
NR (where R = AlkyI or 



35 



40 



r2 r1 



O f 



45 



50 



and 



R® and R^ which may be the same or different each represent hydrogen or the group 



r2 



/ 



(c)frA 
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8. The method of claim 7 in which 

R\ R^, R^. R^ and R^ each represent hydrogen, 
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and each represent a methyl group when A represents N or together represent CH2CH2N(CH3)CH2 
when A represents CH, and 
n represents 1-3. 

9. The method of Claim 6 In which the blowing catalyst is 2-dimethylaminoethyl urea; N,N'-bis(2-dimethylaminoethyl) 
urea: N,N-bis(2-dimethylaminoethyl) urea; 3-dimethylaminopropyl urea; N,N'-bis(3-dimethylaminopropyl) urea; 
N,N-bis(3-dimethylaminopropyl) urea; 1-(N-methyl-3-pyrrolidino)methyl urea; 1,3-bis(N-methyl-3-pyrrolidino)methyl 
urea; 3-piperidinopropyl urea; N, N'-bis(3-piperldinopropyl) urea; 3-morpholinopropyl urea; N,N'-bls(3-morpholino- 
propyl) urea; 2-piperidinoethyl urea; N,N*-bis(2-piperidinoethyl) urea; 2-morphollnoethyl urea; N,N'-bis(2-morpholi- 
noethyl) urea; or a mixture thereof. 

10. The method of Claim 6 in which the blowing catalyst is 3-dimethylaminopropyl urea, N.N'-bls(3-dimethylaminopro- 
pyl) urea. 1-(N-methyl-3-pyrrolidino)methyl urea, 1,3-bis(N-methyl-3-pyrrolidino)methyl urea, a mixture of 3-dlmeth- 
ylaminopropyl urea and N.N'-bis(3-dimethylaminopropyl) urea, or a mixture of 1-(N-methyl-3-pyrrolidino)methyl 
urea and 1,3-bis{N-methyl-3-pyrrolidino)methyl urea. 

11. The method of Claim 1 in which the catalyst composition is used in combination with other tertiary amine, organo- 
tin, or carboxylate urethane catalysts. 

12. The method of Claim 6 in which the catalyst composition is used in combination with other tertiary amine, organo- 
tin, or carboxylate urethane catalysts. 

13. In a polyurethane flexible foam composition having a 1-3 Ib/ft^ (16-48 kg/m^) density and comprising the following 
components in parts by weight (pbw): 



Polyol 


20-100 


Polymer Polyol 


80-0 


Silicone Surfactant 


1-2.5 


Water (Blowing Agent) 


2-4.5 


Crosslinker 


0.5-2 


Catalyst Composition 


0.5-2 


Isocyanate Index 


70-115 



the improvement for reducing the force-to-crush of the foam in which the catalyst composition comprises a blowing 
catalyst and a gelling catalyst which is a mono(tertiary amino alkyi) urea and/or bis(tertiary amino alkyi) urea. 

14, The foam composition of Claim 13 in which the gelling catalyst is 2-dimethylaminoethyl urea; N,N'-bis(2-dimethyl- 
aminoethyl) urea; N,N-bis(2-dimethylaminoethyl) urea; 3-dimethylaminopropyl urea; N,N*-bis(3-dimethylaminopro- 
pyl) urea; N,N-bis{3-dimethyl-aminopropyl) urea; 1-(N-methyl-3-pyrrolidino)methyI urea; 1,3-bis(N-methyl-3- 
pyrrolidino)methyl urea; 3-piperidinopropyl urea; N.N'-bis(3-piperidinopropyl) urea; 3-morpholinopropyl urea; N.N'- 
bis(3-morpholinopropyl) urea; 2-piperidinoethyl urea; N,N'-bis(2-piperidinoethyl) urea; 2-morpholinoethyl urea; 
N,N'-bis(2-morpholinoethyl) urea; or a mixture thereof. 

15. In a polyurethane flexible foam composition having a 1-3 Ib/ft^ (16-48 kg/m^) density and comprising the following 
components in parts by weight (pbw): 



Polyol 


20-100 


Polymer Polyol 


80-0 
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(continued) 


Silicxjne Surfactant 


1-2.5 


Water (Blowing Agent) 


2-4.5 


Crosslinker 


0.5-2 


Catalyst Composition 


0.5-2 


isocyanate Index 


70-115 



10 

the Improvement for increasing the airflow of the foam In which the catalyst composition comprises a gelling cata- 
lyst and a blowing catalyst which is a mono(tertiary amino alkyi) urea and/or bis(tertiary amino alkyi) urea. 

16. The foam composition of Claim 15 in which the blowing catalyst is 2-dimethylamlnoethyl urea; N.N'-bis(2-dimethyl- 
15 aminoethyl) urea; N.N-bis(2-dimethylamlnoethyl) urea; 3-dimethylaminopropyl urea; N.N'-bis(3-dimethylaminopro- 
pyl) urea; N,N-bis(3-dimethyl-aminopropyl) urea; 1-(N-methyl-3-pyrrolidino) methyl urea; 1.3-bis(N-methyl-3- 
pyrrolidino)methyl urea; 3-piperidinopropyl urea; N,N'-bis(3-pqDeridlnopropyl) urea; 3-morpholinopropyl urea; N,N'- 
bis(3-morpholinopropyl) urea; 2-piperidinoethyl urea; N,N*-bis(2-piperidinoethyl) urea; 2-morpholinoethyl urea; 
N.N'-bis(2-nrorphonnoethyl) urea; or a mixture thereof. 

20 
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30 
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